The consideration of the streamflow seasonality has a high potential to improve the water use. In order to give subsidies to the optimization of water use, it was evaluated the impact of the change of reference annual streamflow by the monthly streamflows in the potential water use throughout the hydrography of Paracatu sub-Basin. It was evaluated the impact on Q 7,10 (lowest average streamflow during a 7-day period with an average recurrence of 10 years) and on Q 95 (permanent flow present 95% of the time). The use of monthly streamflow to substitute the annual streamflow had a high potential of improvement of water resources use in the sub-Basin studied. The use of monthly Q 7,10 in substitution of annual Q 7,10 increases the potential water use that vary from about 10% in the months of lower water availability to values exceeding 200% in the months with higher availability of surface water resources. The use of monthly Q 95 in substitution of the annual Q 95 implies in changes oscillating from reduction of 37% in months of higher water restriction to values exceeding 100% in the months of higher availability, so the use of monthly Q 95 instead of the annual Q 95 enables the more rational and safe use of water resources.
INTRODUCTION
The potential use of water in a river is characterized by the long-term average streamflow and by the low flows. The potential water availability is estimated by the long-term average streamflow (PRUSKI & PRUSKI, 2011) and the natural water availability by the low flows (SMAKHTIN, 2001) . Knowledge of these variables is essential for a proper planning and management of water resources and to reduce the conflicts among the users (NOVAES et al., 2009 ).
The grant, which is the legal instrument used to permit the water use, is generally done using the annual streamflow values as benchmark (SILVA et al., 2006) . The use of smaller values for the water permit reduce the environmental risk, however most of the time a considerable streamflow will not be used, what prevents a most rational water use.
The grant based in streamflows estimated considering the annual period, in regions with a great seasonal variability of streamflows, limits the use of water to a value not observed in most of the year (MAIA, 2005) . Studies that present options to consider the streamflow seasonal variations can serve as a basis for management agencies to optimize the water use (GÁMIZ-FORTIS et al., 2011) , once it is interesting to use the water in a fair and rational way, reducing the environmental risks and improving the economic and social benefits. TOMER & SCHILLING (2009) reported that the variation of the streamflow is directly influenced by climate variability, mainly by intra-annual variations in climate.
The substitution of benchmarks for the water diversion permit from the annual base for one monthly base may represent a significant increase in the amount water available to use BOF et al., 2012; CRUZ & SILVEIRA, 2007) without to increase the environmental risk.
In order to support the water diversion permit it is essential to know the water availability along the hydrography (FIOREZE & OLIVEIRA, 2010) , but this knowledge, when available, is restricted only to the sites where the stream gages stations are located, and, consequently, in general, there are no streamflow information in the sections of the hydrography where these data are required (BAENA et al., 2004) . To overcome this problem, regionalization studies have been frequently used (ESLAMIAN & BIABANAK, 2008; MASIH et al., 2010; MAMUN et al., 2010; SAMUEL et al., 2011) . RODRIGUEZ et al. (2007) reported that the main water user in the Paracatu Basin, a subbasin of the São Francisco River, is the irrigation, and noted that the annual average water withdrawal for this sector increased 62 times from 1970 to 1996. Considering the 18 sections analyzed by PRUSKI et al. (2007) along the Paracatu's Basin hydrography, the water withdrawal for irrigation in the month of highest demand corresponded to 85.1% of the Q7, 10. However, the period of greatest demand is not the same period of the lowest availability, once there is a lag between the beginning of the rainfall season and the beginning of the streamflows increase. Thus, an adjust in the use of the annual streamflow basis criterion to a monthly basis criterion must allow a significant increase in the potential of water use (OLIVEIRA, 2011) .
Considering the need for information to support the process of water diversion permit, this study evaluated, along with the hydrography of a Paracatu River sub-basin, the impact of substitution of reference annual streamflow by monthly streamflow on the potential use of the water resources.
MATERIAL AND METHODS

Area of Study
This study focuses on the Paracatu Basin upstream of the confluence with the Entre Ribeiros River, with an area of 14,483 km ², representing, approximately one third of the total area of the Paracatu Basin (ANA, 2005) . Figure 1 shows the highlight of the studied area in relation to the São Francisco Basin.
The climate is predominantly tropical-rainy. Rainfall is concentrated from October to April. Maximum rainfall occurs in November, December and January. Figure 2 shows the distribution of precipitation corresponding to period for the pluviometric station of Paracatu.
Data used in the study
This study used data of six stream gages and 25 pluviometric stations, which are part of the hydrometeorological network of the Hydrological Information System (Hidroweb) of the National Water Agency (ANA). The stream gages used in this study are characterized in Table 1. FIGURE 1 -Location of the sub-basin studied. Comparison between monthly and annual low flows in the potential use of water
For the planning and management of water resources, and, consequently, to support the decision makers, it is essential to define properly the reference streamflows for water diversion permit.
In general, the low flows used as reference streamflows are those associated with a permanence of occurrence of 90% (Q90) or 95% (Q95) of the time and the lowest average streamflow during a 7-day period with an average recurrence of 10 years (Q7, 10) (SANTOS et al., 2006) . A part of the streamflow is permitted for to the grant, and the remainder streamflow is needed for the ecosystem's maintenance (SOUZA FILHO & CAMPOS, 1996) .
After analyzing the streamflow data available, the base period 1974-2004 was selected. The analyzes performed in this study were based on consideration of the low flows Q95 and Q7, 10, and the SisCAH 1.0 software ) was used to obtain these variables.
Obtaining Q 7 , 10
To estimate the lowest average streamflow during a consecutive 7-day period with an average recurrence interval of ten years (Q 7,10 ), the probability density functions (PDFs) Log-Pearson 3, Pearson 3, Normal, Lognormal 2 and Weibull were analyzed. By utilizing PDFs, the Q 7,10 from an individual time series was determined as the lowest streamflow occurring in seven consecutive days (Q 7 ) for each year by assuming a recurrent interval of 10 years. Using the Q 7 for each year, the Q 7,10 may be estimated.
To compute the Q 7,10 on a monthly basis, the Q 7 utilized was obtained for individual months of a time series, in which the Q 7 events were observed in the respective month throughout the period of data collection. Afterwards, PDFs were used to compute the Q 7,10 for each month.
Because five PDFs were applied to determine Q 7,10 , the one that showed the smallest confidence interval for the magnitude among the five estimates was selected. This procedure was performed with SisCAH 1.0 , which indicates the probability distribution that returned the best statistical adjustment associated with the period used.
Calculation of Q 95
The permanence curve describes the relationship between the streamflow of a river and the frequency of occurrence of a streamflow greater than or equal to the value of the y-coordinate. The procedure for obtaining the curve for each stream gage is based on the frequency analysis associated with data of each streamflow.
Then, the permanence curve is obtained showing the streamflow values on the y-axis and the accumulated frequency on the x-axis. To determine the monthly permanence curve of Q 95 , an approach similar to that for Q 7,10 was used. In this case, the reference analysis was performed individually for each month.
Streamflow regionalization
The dependent variables used in the streamflow regionalization were the Q 7,10 and Q 95 , and the independent variables used were the drainage area (A), and the streamflow equivalent to the annual rainfall volume (P eq .), and that considers, in this way, both effects, the drainage area and the rainfall, in a single variable, according to equation 1.
where, P eq -streamflow equivalent to the annual rainfall volume, m 3 s -1 ;
P -average annual rainfall in the drainage area, mm;
A -drainage area, km 2 , and k -31,536 is a constant that converts P to meters, A to squared meters and divided by the number of seconds per year.
The drainage area upstream from each hydrographic section was obtained using the Hydrographically Conditioned Digital Elevation Model (HCDEM) generated from planialtimetric charts of the Brazilian Institute of Geography and Statistics (IBGE) and hydrography mapped on a 1:100,000 scale.
The explanatory variables associated with rainfall were obtained from a historical series from the pluviometric stations ( Figure 3a ). The map of the average annual rainfall ( Figure 3b ) was created using the pluviometric stations data and the IDW (Inverse Distance Weighting) as the method of interpolation.
FIGURE 3 -Sites of the stream gauge stations analyzed in this study (a) and annual average spatial distribution of rainfall in the basin.
The first step in the low flows (Q 7,10 and Q 95 ) regionalization studies was the definition of homogeneous regions (MALEKINEZHAD et al., 2011) and, after that, a multiple-regression model was adjusted, when both, the linear and the potential models, were tested.
The software SisCoRV 1.0 (SOUSA, 2009) was used to obtain the multiple-regression models and, to define the best statistical adjust, the highest determination coefficient (r 2 ) and the smallest error between the values observed and estimated were considered.
Proposal to minimize the use of extrapolation of the regionalization equations obtained
A great limitation of the regionalization is the extrapolation of the equations for basins with drainage areas smaller than those used to obtain the regionalization equations (SILVA JR. et al., 2003) . Only the statistical analysis of the regionalization models is not enough to ensure an accurate estimate of the streamflow along the hydrography (LI et al., 2009 ). The use of procedures that allow a better understanding of the physical behavior of a process is important to extract more information from available data.
Aiming to analyze the physical behavior of the streamflow obtained in a study of regionalization, RODRIGUEZ (2008) used a threshold value for the specific low flow discharge to impose a limit on the extrapolation of the regionalization equations.
After the selection of a regionalization model, the streamflow values are reduced, when necessary, by the use of a threshold value for the specific low flow discharge. The threshold value is defined as the highest value of specific low flow discharge obtained from several stream gages in the hydrologically homogenous region considered. Thus, if the specific low flow discharge estimated in the section of the hydrography is higher that the threshold value, the low flow (Q7,10 or Q95_adj) is estimated by equation , and
A -drainage area, km 2 .
Assessing the impact of substitution of annual low flows by monthly along the hydrography
The comparison between the monthly streamflows and the annual streamflow was performed for each stretch of hydrography. The relative differences (DH %) between the monthly streamflows and the annual streamflow was performed for both, Q 7,10 and Q 95 , by equation. 
The data from DH% were divided into five intervals of classes and the rivers were colored according to these classes. A frequency analysis was also performed relating the DH% classes with its frequency of occurrence in the sections of hydrography.
RESULTS AND DISCUSSION
Equations of regionalization
The regionalization equations for Q 7,10 and Q 95 , for both, the annual and the monthly basis, are presented in Table 2 . The selected variable was the drainage area, a fact that is due, mainly, to the small amplitude of variation of the annual rainfall over the basin. So, the consideration of the effect of the rainfall changes over the basin does not improve the statistical adjustment for the regionalization model. 0.987 Table 3 shows the values of threshold specific low flow discharge used for reducing the risk of overestimation in regions of extrapolation of the regionalization equations, as proposed by Rodriguez (2008) . 
Impact evaluation of the of the substitution of the annual Q 7,10 by the monthly Q 7,10
Maps of DH% for Q 7,10 , for the months of January and September, months when the variations of DH% are extreme, are shown in Figure 4 . For the month of January (Figure 4a ) the range of variation of DH% values was from 222.41% to 259.73%, with an increasing trend in the DH% values with the increase of drainage area. Thus, the use of the monthly values of Q 7,10 , in substitution to the annual value, represents a potential increase in the water use exceeding 220% across the hydrography. For the month of September (Figure 4b ), although with a range of variation of DH% very lower (9.56% to 17.24%) that the corresponding to January, also there is the same tendency of increase in the DH% values with the increase in drainage area.
(a) (b) FIGURE 4 -Relative difference between January Q 7,10 and annual Q 7,10 (a) and relative difference between September Q 7,10 and annual Q 7,10 (b).
The frequency curves relating the relative differences (DH % ) between Q 7 , 10 monthly and Q 7, 10 annual with its frequency of occurrence in the sections of hydrography are presented in Figure  5 . These curves show, for each percentage of segments of the hydrography, the DH% correspondent. Thus, for example, for the month of January, 100% of the segments of the hydrography has DH% values greater than 220%, reaching in some segments values higher than 250%.
In June and July the monthly average rainfall are very low (Figure 2) , and, consequently, the irrigation becomes, during this time, the main source of water supply for crops. The increase in the potential of the water use in these months with the consideration of the monthly criterion is over 50% (Figure 5 ), characterizing an effective increase in the potential use of the water for the socioeconomic development of the region, without any additional environmental risk, once the remaining streamflow can be maintained in the same proportion that when the Q 7,10 annual is used. In January, when the potential increase for water use is maximum, and greater than 220%, obviously, does not necessarily all these additional availability it will be used.
It is evident that, in general, there is a significant increase in DH% when replacing the annual criterion by the monthly criterion, except in some segments of the hydrography on November. The biggest increase in the values of DH% occurs in the first quarter (green curves), ranging from 212 to 327%. In the second quarter (orange curves) DH% ranged from 100 to 227%. In July occurred DH% values between 60% and 75% and August was the month in which the values of DH% had lower amplitude of variation (less than 1%) and values between 36.8 and 37.4 %. September and October were the months with the lowest values of DH%, between 8 and 17%.
FIGURE 5 -Frequency of occurrence of relative differences between the monthly Q 7,10 and the annual Q 7,10 considering the segments of the hydrography of the basin studied.
In November there is a reversal in the downward trend of DH% that was occurring throughout the year, reaching values higher than 20% in over 90% of the stretches. This month, however, was the only one when negative values of DH% occurred, which were associated with segments (less than 5%) with greater drainage area.
Therefore, although the rainy season in the region begins in October, only between the months of November and December there is a significant increase in Q 7,10 . This delay results from the fact that the soil is still very dry at the beginning of the rainy season, due to the long period of drought, and the rains that begin in October initially increases the soil moisture in the upper layers, not directly impacting the level of the water table and, therefore, do not increasing the streamflows. Therefore, there is a gap between the time when the rainy season begin and the increase in the streamflows.
The month of December had a great variation of DH% along the hydrography, and, in 5% of stretches, the DH% ranged from 48 to 92%. In more than half of the stretches the increase of DH% was greater than 25% and in all stretches the increase was greater than 18%.
In general, the highest values of DH% occurred at downstream positions, except in the months of February and October, when is not observed a defined pattern of distribution of DH% associated with the position of the stretches along the hydrography, and in November, month with the lowest values of DH% (even with DH% values negative) and when the lowest values of DH% occurred in sites with lower drainage areas.
Therefore, for the Q 7,10 , the substitution of the criterion based in the annual streamflow by the criterion based in the use of monthly streamflows allowed an increase in the water availability of about 10% in the most critical months, and in much more significant increases in other months, what, consequently, can allow a more rational use of water resources.
Considering the fact that the basin studied has a predominant use of water for irrigation, and that the main water supply is of surface water, it can be evidenced even more clearly the benefits that may result in the substitution of the criterion based in the annual streamflow by the criterion based in the use of monthly streamflows in the potential use of the water resources.
There is, in general, a negative correlation between the supply and the water demand for irrigation. The months with lower rainfall, and, consequently, with higher water deficits are the months from May to September, in which the average monthly rainfall is generally less than 30 mm. There is, therefore, a great demand to supply the crop water requirements by irrigation. Even in these months, in which the values of DH% are smaller, the increase in the potential water use by substitution of the annual criterion by the monthly criterion may allow an increase up to 150% in the water withdrawn for use by irrigation. This analysis can also be extended for an approach related to water quality, when the seasonality of launch of effluents does not coincide with the period of lowest water availability.
Therefore, the use of a criterion based on the use of a single streamflow, corresponding to an annual restriction, leads to a double jeopardy to the users. The first resulting from the imposition of a restriction of a single value of water availability for the whole year, and the second the fact that the period of highest demand for water resources does not always coincide with the period of lower water availability.
In regions such as the basin studied, where the water availability is limited and the temperature is not a factor of restriction for crop growth, the increase in the water availability is essential, and, in this scenario even the adjust of the periods with higher water requirement by the crop to not overlap with the lower availability of surface water resources can be a good option.
Considering that the water resources management agencies already grant water permit based on values variable month to month, and, considering the experience acquired in this study, we believe that the monthly criterion, respecting the seasonality of variation in streamflows along the hydrograph, can be an excellent option to improve the water use in order to reduce the conflicts among the users.
Impact evaluation of the of the substitution of the annual Q 95 by the monthly Q 95
Maps of DH% for Q 95 for the months of January and September, months when the variations of DH% are extreme, are shown in Figure 6 . For January (Figure 6a ) the range of variation of DH% was from 112.40 to 192.20%, and these differences showed a trend, as occurred for the Q 7,10 , of the DH% increase with the increase of the drainage area. September (Figure 6b ), however, shows negative values of DH%, which are even more negative for the smaller drainage areas. The range of values of DH% for September was -37.20 to -27.87%.
In Figure 7 are presented the frequency curves linking the relative differences (DH%) between monthly Q 95 and annual Q 95 with their frequency of occurrence in the stretches of the hydrography. In general, there is a significant increase in the DH% from November to June, however, in the period from July to October, negative values of DH% were observed.
The highest values of DH% for Q 95 occurred in the months of the first quarter (green curves), ranging from 103 to 193%. In the second quarter (orange curves) the DH% ranges from 0 to 98% and in the third quarter (blue curves) DH% was negative, except in 10% of stretches in July, featuring a greater restriction of water use in this quarter when replacing the annual criterion by the monthly criterion. In this quarter DH% values ranged from -37 to 2%.
In October there is a reversal in the downward trend of DH% that was occurring throughout the year, but the DH% values continue negative, ranging from -25 to -17%. In November the DH% values became positive again ranging from 10 to 13%, and, in December, DH% ranged from 27 to 76%.
Compared with DH% for Q 7,10 , the DH% values related with the Q 95 showed lower values, but, even for this variable, there is a significant increase in the water availability when considering the monthly Q 95 in many months of the year.
The consideration of water availability represented by the Q 95 on a monthly basis also presents some additional advantages over those evidenced for the Q 7,10 . The fact of monthly Q 95 values are smaller than the annual Q 95 value should not be seen as a restriction on the availability of water use, but, rather, as an increase in the environmental guarantee and to supply the demand for water resources. Considering the maximum withdraw permit by the National Water Agency, responsible for the water resources management of the Federal rivers in Brazil, and corresponding to 70% the annual Q 95 , it was verified that this value is often higher than the Q 7,10 . So, the use of this criterion besides to limit the water use during periods of high water availability to a restriction evidenced only in periods with low water availability, is excessively permissible in months with lower availability, when there is a high risk to the dry of the river (especially, in the case of this study, in the months of September and October). Using the criterion of 70% of the monthly Q 95 this risk decreases significantly (BOF et al., 2012) .
The use of a criterion based on monthly streamflows permit a better plan for water use, as it allows a greater use in the period when the water availability is higher and imposes a more realistic restriction on the critical period of water availability.
It is clear that the consideration of the estimated streamflow on a monthly basis will bring a significant increase in the work required for the quantification of water availability; however, this study has shown a high potential in the increase of the maximum allowable streamflow for the grant what justify this increase in the work necessary to quantify the water availability in a monthly basis.
CONCLUSIONS
The use of criteria based on monthly low flows, instead the annual low flow, has a great potential to increase the water resources use;
The use of Q 7,10 monthly, replacing the Q 7,10 annual, implies increases in the water resources potential use which ranges from values of about 10% (months with lower water availability) to values exceeding 200% (months with higher water availability);
The use of monthly Q 95 , replacing the annual Q 95 value, implies changes in water resources potential use that range since reductions of 37% (months with lower water availability) until increases greater than 100% (months with higher availability);
The use of monthly Q 95 enables a more rational and safe use of water resources in comparison to the annual Q 95 .
